Objective: To investigate the effects of sustained inhalation of sevoflurane on cognitive function and the expression of oxidative stress response proteins such as NADPH oxidase subunits NOX2 and NOX4 in elderly patients undergoing radical surgery for lung cancer. Study Design: An experimental study. Place and Duration of Study: Department of Anesthesiology, Suzhou Kowloon Hospital, Shanghai Jiao Tong University School of Medicine, China, from February 2016 to October 2017. Methodology: Elderly patients who underwent radical surgery for lung cancer were divided into the sevoflurane group and the propofol group, with 52 cases in each group. Sustained inhalation of sevoflurane and propofol was administered to maintain anesthesia in the respective groups. Cognitive function and lung function parameters were compared between the two groups. Serum S100 levels and expression of NOX2 and NOX4 proteins in peripheral blood mononuclear cells of the two groups were determined. Results: At 24 hours after surgery, the lung function indices of the sevoflurane group such as FEV1, FVC and VC were higher than those of the propofol group (p<0.001, p=0.008 and p=0.002, respectively). At the end of the surgery and at 24 hours after surgery, the MMSE scores of the sevoflurane group were higher than the propofol group (all p<0.001). S100 levels were lower than the propofol group (p=0.003 and p<0.001, respectively). Levels of NADPH oxidase subunits NOX2 and NOX4 proteins in peripheral blood mononuclear cells of the sevoflurane group were lower than the propofol group (p=0.033, p<0.001, p<0.001and p<0.001, respectively). Conclusion: Compared with intravenous anesthesia with propofol, general anesthesia with sevoflurane inhalation has little effect on the short-term cognitive function in elderly patients undergoing radical surgery for lung cancer, and can effectively improve lung function. The mechanism may be related to the reduction of the expression of NOX2 and NOX4 proteins.
INTRODUCTION
Cognitive disorders often occur in elderly patients after surgery. The mechanism of postoperative cognitive disorders is relatively complex, involving anesthetic stimulation, surgical trauma and other factors. 1 Once cognitive disorders occur, the patient will have symptoms such as memory loss and speech disorders, which obviously prolong the patient's hospital stays and seriously affects the patient's prognosis.
At present, radical surgery is the main treatment for elderly lung cancer patients. However, surgical stress and perioperative anesthesia may have an important impact on the cognitive function of elderly lung cancer patients. 2 For this reason, choosing an appropriate anesthesia programme is particularly important for reducing postoperative cognitive disorders in elderly lung cancer patients. Oxidative stress is a pathological condition that occurs when the redox state of the body cells is out of balance. The mechanism may be related to the involvement and mediation of many proteins such as NADPH oxidase subunits NOX2 and NOX4. 3 Research has suggested that oxidative stress is one contributing factor to acute lung injury, induced by onelung ventilation. 4 Sevoflurane inhalation anesthesia is an important method of surgical anesthesia. 5 But the impact of sevoflurane on the cognitive function and the expression of oxidative stress proteins in elderly patients undergoing radical surgery for lung cancer remains unclear.
The objective of this study was to investigate the impacts of sustained inhalation of sevoflurane on the cognitive function, expression of NADPH oxidase subunits NOX2, NOX4 proteins, and lung functionsin in elderly patients undergoing radical surgery for lung cancer, in order to provide a valuable reference for the use of clinical anesthetics in such patients.
METHODOLOGY
This study was done in the Department of Anesthesiology, Suzhou Kowloon Hospital, Shanghai Jiao Tong University School of Medicine, China, from February 2016 to October 2017. A total of 104 elderly patients, who underwent radical surgery for lung cancer, were selected. Inclusion criteria were patients who met lung cancer diagnostic criteria and underwent radical surgery for lung cancer, age >60, without contraindications to surgery and anesthesia, gave informed consent, and had >9 years of education in China. Exclusion criteria were patients with cardio-cerebrovascular diseases, abnormal lung function, cognitive disorders; or a history of drug dependence. The study was approved by the Hospital Ethical and Research Committee, and the patients all signed the Informed Consents. The patients were divided into the sevoflurane group and the propofol group by the random number table method, 52 cases in each group.
Conventional visits were given to all patients before surgery. Venous pathways were established after they entered the operating room. Blood pressure, ECG and other indicators were routinely monitored. Sufentanil 0.5 g/kg, etomidate 0.3 mg/kg and atracurium 0.5 mg/kg were given in both groups intravenously to induce anesthesia. Two groups of patients underwent general anesthesia with intubation and one-lung ventilation on their unaffected side. During surgery, the venous targetcontrolled infusion of propofol was given to patients in the propofol group to maintain anesthesia. The sustained inhalation of sevoflurane was given to patients in the sevoflurane group to maintain anesthesia, and the bispectral index (BIS) was controlled within a range of 40 to 60. During surgery, intravenous sufentanil and atracurium were intermittently administered to maintain analgesia and relax muscles. During skin closure, sevoflurane inhalation was stopped in the sevoflurane group and intravenous propofol was stopped in the propofol group. Patient-controlled intravenous analgesia with 0.8 mg/kg oxycodone hydrochloride injection was given to all patients two days after surgery. Tracheal extubation was performed when the train-of-four (TOF) stimulation ratios of the two groups were greater than 0.9.
The indicators were observed and tested before surgery, at the end of the surgery, and at 24 hours after surgery. A Chinese version of the Mini-Mental State Examination (MMSE) was used to evaluate and compare the cognitive function of the two groups of patients. The MMSE scale score range is 0-30, of which 27-30 is considered normal, 21-26 is mild cognitive dysfunction, 10-20 is moderate cognitive dysfunction, and 0-9 is severe cognitive dysfunction. MMSE scores were conducted under supervision of a single expert neuroscientist having more than five years' experience.
The enzyme-linked immunosorbent assay (ELISA) was used to determine and compare the levels of S100 serum in the two groups. Patients' venous blood was collected. Mononuclear cells were isolated by using the Ficoll lymphocyte separating solution. The Western blotting was used to determine and compare the expression levels of NADPH oxidase subunits NOX2 and NOX4 in peripheral blood mononuclear cells. A gel imager was used to measure the optical density and a quantitative analysis was performed with -actin as an internal reference. At the same time, lung function parameters such as forced expiratory volume in one second (FEV1), forced vital capacity (FVC), and vital capacity (VC) were compared between the two groups of patients at 24 hours after surgery. SPSS 21.0 was used for data analysis. Measurement data were expressed as mean ± standard deviation. The independent samples t-test was used for the comparison between the two groups. A difference with a p-value less than 0.05 was considered statistically significant.
RESULTS
One hundred and four patients included 60 males (57.69%) and 44 females (42.31%), aged 60 to 77 years, mean age being 67.63 ±2.52 years. At 24 hours after surgery, the lung function indices of the sevoflurane group such as FEV1, FVC, and VC were higher than those of the propofol group (p<0.001, p=0.008 and p=0.002, respectively, Table I ). Before surgery, there Sevoflurane effect on cognitive function oxidative stress response proteins was no significant difference in MMSE scores and S100 levels between the two groups (p=0.573 and p=0.502, respectively). At the end of the surgery and at 24 hours after surgery, the MMSE scores of the sevoflurane group were higher than the propofol group (all p<0.001). The S100 levels were lower than the propofol group (p=0.003 and p<0.001, respectively, Figure 1 .
DISCUSSION
The mechanism of postoperative cognitive disorders is still unclear. Recent studies have shown that patients' age, anesthetics, surgical trauma, postoperative infection, etc. are the main factors inducing postoperative cognitive disorders. [6] [7] [8] Among them, anesthetics form the most complex factor. On the one hand, anesthetics play their roles by acting on the central nervous system; on the other hand, they may cause long-term changes in the human nervous system or neurons. 9, 10 Propofol is a relatively common intravenous anesthetic. Studies have confirmed that propofol can play a protective effect on the brain neurons and delay neuronal death. [11] [12] [13] Sevoflurane is a new type of inhaled anesthetic which makes patients wake up faster after surgery. Sevoflurane has a good protective effect on the brain and can reduce the occurrence of brain injury. [14] [15] [16] Studies have suggested that sevoflurane can reduce the incidence of postoperative cognitive disorders in elderly patients undergoing thoracic surgery. 17 Some studies have also concluded that both propofol and sevoflurane can affect the cognitive function of elderly patients undergoing orthopaedic surgery, and the latter has the most serious impacts. 18 The authors found that the MMSE scores in the sevoflurane group were higher than the propofol group both at the end of the surgery and at 24 hours after surgery.
Relevant data showed that S100 levels were closely related to neurocognitive disorders and an increased level of S100 could reflect severer postoperative cognitive disorders. 19 The results of this study showed that the S100 levels in the sevoflurane group were significantly lower than the propofol group at the end of the surgery and at 24 hours after surgery. It suggested that patients undergoing anesthesia with sevoflurane may suffer a lower risk of postoperative cognitive disorders than those using propofol. A possible reason for this is that the radical surgery for lung cancer can easily induce cerebral hypoxia. Compared with propofol, sevoflurane can better inhibit pulmonary vasoconstriction and reduce pulmonary shunt, and thus better relieve patients' cerebral hypoxia and reduce neuronal damage. 20 Radical surgery for lung cancer is very traumatic to patients, easy to bring intense oxidative stress to patients. Oxidative stress is also an important trigger of lung injury. 21, 22 The authors found that at 24 hours after surgery, the lung function indices of the sevoflurane group such as FEV1, FVC, and VC were significantly higher than the propofol group, suggesting that patients undergoing anesthesia with sevoflurane had improved lung function than those using propofol. Related data showed that improved lung function was closely related to the regulation of oxidative stress. 23 NADPH oxidases are a group of important regulatory proteins in the process of oxidative stress, playing a very important role in oxygen-radical elimination and antioxidation. 24 The results of this study showed that at the end of the surgery and at 24 hours after surgery, the expression levels of NADPH oxidase subunits NOX2 and NOX4 in the peripheral blood mononuclear cells of the sevoflurane group were significantly lower than the propofol group. It suggested that the sevoflurane-based anesthesia could effectively improve the lung function of elderly patients undergoing radical surgery for lung cancer. The mechanism may be related to the regulation of oxidative stress by NADPH oxidase subunits NOX2 and NOX4.
The main limitation and the shortcoming of this study is the fact that the sample size is relatively small. and expand the selected area in order to further improve the research.
CONCLUSION
Compared with propofol-based intravenous anesthesia, general anesthesia based on sevoflurane inhalation has less impact on the short-term cognitive function of elderly patients undergoing radical surgery for lung cancer, and can effectively improve lung function. The mechanism may be related to the reduced expression of NOX2 and NOX4 proteins.
